Regional environmental carrying capacity (ECC) is nonlinear and spatially specific. A hierarchy index system including resources, environmental and socio-economic elements was established using an analytic hierarchy process. Principal component analysis (PCA) was used to estimate the regional size and differences of environmental carrying capacities. Main information of four principal components, i.e., carrying capacity of resources supply, carrying capacity of environmental quality, carrying capacity of social economy and carrying capacity of infrastructure construction, was extracted. The ECC evaluation value was divided into five levels of lowest carrying capacity, low carrying capacity, medium carrying capacity, high carrying capacity and highest carrying capacity, respectively. The results showed that on the whole ECC was at the medium carrying capacity level. ECC was generally highest in Guanzhong plain, followed by Loess Plateau, and was lowest in Qiba mountain. The carrying capacity of water resources and environmental quality was relatively low, and the infrastructure carrying capacity was highest among the four components. The temporal spatial variation of ECC was closely related to vulnerability of the natural resources and environment in the regions. Verification was proven that PCA was a useful tool when applied to evaluate ECC and reflect the spatial distribution of large-quantity ECC indices on a large regional scale. This study provides a basis for comprehensive understanding of resources, environment and management for regional balanced development.
Introduction
Resources and the environment are the basis of human survival. Rapid social and economic development has brought issues of resources and environment, such as excessive resources consumption, environmental degradation and pollution, and the issues have become increasingly prominent especially across the globe [1] - [3] .Therefore, resource and environment carrying capacity has become a great concern of research interest. Environmental carrying capacity includes multiple factors such as atmospheric environment, land environment, social economy and dilution-related self-purification capacity of water environment, and reflects the threshold of supporting capacity in a region with specific natural resources and ecological environment. Studies on environmental carrying capacity are mainly focused on single factors, such as spatial variation of comprehensive carrying capacity in China [4] [5] , different resource carrying capacities of cities [6] [7] [8] , change characteristics of ecosystems carrying capacity [9] [10] [11] [12] , variation of carrying capacity of resources and environment in mountain areas [13] , water resources carrying capacity [14] [15] [16] and regional land resources carrying capacity [17] [18] . Those studies indicated that environmental degradation, resource exploitation and utilization have caused seriously adverse effects on ecological environment, and resource and environment carrying capacity has been substantially reduced. Currently, methods used for studying resource and environment carrying capacity include the system dynamics model, the ecological footprint method, the analytic hierarchy process and the entropy method [19] - [24] . Although extensive work with different methods has been carried out on resource and environment carrying capacity, there are several limitations and an integrated ECC assessment is still lacking. Therefore, this study takes Shaanxi Province as an example, using PCA to establish a comprehensive ECC system to analyze spatial distribution of ECC in Shaanxi Province. This study is expected to better explain the relationship between the regional resource environment and the coordinated development of social economy, more effectively guide the regional planning and layout decision-making, and promote a more balanced and sustainable regional development.
Materials and Methods

Materials
Shaanxi is located in the northwest hinterland of China's inland, 870-km long along the north-south direction, 200 to 500-km wide along the east-west direction, across the two regions of Northern and Southern China. The terrain is high in the north and south, and low in the middle. The terrain is divided into three sections; namely, northern Loess Plateau (including Yan'an, Yulin), Guanzhong plain (including Xi'an, Xianyang, Baoji, Weinan, Tongchuan) and southern Qinba mountain (including Hanzhong, Ankang, Shangluo). Spatial and temporal distribution of water resources and fossil energy are not uniform in Shaanxi (Figure 1 ).
Methods
Given that environmental carrying capacity is multi-element driven and af- 
1) Establish the covariance matrix (correlation coefficient matrix)
If the number of the sample regions is M and the number of selected normalization indices is N, the covariance matrix R can be established (Equation (1)),
where ij r represents regression coefficients.
2) Calculate the percent variance contribution of each principal component (weight) as shown by Equation (2), 
Evaluation Index Systems
The establishment of a scientific valuation index system of ECC should take into account its objectiveness, comprehensiveness and accessibility. Multiple aspects of environment and social economy all have a strong influence on the carrying capacity. Therefore, we took into account the actual situation and relevant stu- (Table 1) . Among them, the resource system consisted of eight indicators covering both natural and social aspects including energy, water, land and human resources, the environmental system consisted of seven indicators related to atmospheric environment, water and solid waste, and the socio-economic system consisted of five indicators including economic data, the regional infrastructure construction data and social development data.
Results
Principal Component Analysis
The first four principal components (C1-C4) of PCA explained more than 85%
of the total variance in the data set. The load matrix and coefficient matrix of C1-C4 are shown in (Table 2) , and percent variance explained by C1-C4 is listed in (Table 3) . Among the four principal components of ECC, the principal component load information extracted by each group of data has the same consistency. Therefore, the same principal component of different years can be compared and analyzed. As shown in (Table 2) , the total amount of water supply, natural gas supply and resident population in the first principal component, which was defined as the carrying capacity of resources supply, was relatively high. The comprehensive utilization of industrial solid wastes, the total emission of industrial waste gas, and the emission of smoke and soot in the second principal component was defined as the carrying capacity of environmental quality. The sum of the per capita GDP, the sunshine hours and the cumulative load of soil erosion control area in the third principal component was defined as the level of socio-economic carrying capacity. The sum of the waste water treatment facilities in the fourth principal component was defined as the carrying capacity of infrastructure construction. This study employed the natural discontinuity classification method, and the differences between the various classes may be maximized. Based on this method, therefore ECC was divided into five levels: lowest carrying capacity, low carrying capacity, medium carrying capacity, high carrying capacity and highest carrying capacity.
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The resources supply carrying capacity of ECC represents limiting the degree of local sustainable development of carry capacity. As shown in (Figure 2 ), Xi'an had the highest resources supply capacity of ECC among all the investigated regions during the six years, and Hanzhong had the smallest supply capacity of ECC. In general, Guanzhong plain had the highest carrying capacity, followed by Loess Plateau at the medium level, while the lowest carrying capacity was identified in Qinba mountain.
Environmental quality bearing capacity of ECC indicates the extent of environmental pollution, environmental management and environmental quality during local sustainable development. It can be seen from (Figure 3) , the cities in the central plain were basically between the medium carrying capacity levels. The environmental quality of Ankang and Shangluo in the south of Shaanxi Province was lowest and the smallest index was 0.14 -0.178 in 2010 and 2013, but Hanzhong had a high index.
Socio-economic carrying capacity of ECC indicates the upper limit a sustainably developed social economy may reach. It can be seen from (Figure 4) , that Yulin and Yan'an in northern Shaanxi showed high loads of carrying capacity due to energy and chemical industry (e.g., Coal, liquefied gas industry) except 2012 and the greatest index was 0.44. The cities in southern Shaanxi were primarily carrying capacity of low level and index was 0.244, except Hanzhong and Sangluo had higher level in 2012 and 2013. Guanzhong region showed high-level or medium-level carrying capacities in those years.
The carrying capacity of infrastructure construction of ECC may help tell whether the infrastructure construction is efficiently used. As shown in ( Figure  5) , index of the social infrastructure construction was the largest in Baoji and Xianyang, the carrying capacity of Xi'an changed between the high and low levels but was mostly near the medium level. On the whole, the index of infrastructure construction is higher than that of other carrying capacity. The distribution of comprehensive carrying capacity of ECC in each year is shown in (Figure 6 ). As can be seen that Xi'an and Yulin had the highest 6-year comprehensive carrying capacity among all the investigated cities, except Yulin in 2010. Ankang was at the low level. As shown in (Figure 7) , the average resources supply of ECC was highest in Xi'an, and was lowest in Qinba mountain. The average carrying capacity of environmental quality was highest in Weinan and Yulin, and lowest in Yan'an. The average carrying capacity of socio-economic level was highest in northern and lowest in Weinan. The average carrying capacity of infrastructure construction performance was highest in Xianyang and lowest in Tongchuan. The comprehensive carrying capacity was highest in Xi'an and lowest in Ankang. On the whole, ECC was highest in Guanzhong Plain, medium in Loess Plateau of northern Shaanxi Province and lowest in Southern mountainous. It can be seen from (Figure 8 ), resources and environmental quality carrying capacity indices were relatively low showing a fluctuating trend. Economic and infrastructure construction carrying capacity of ECC were relatively high showing an increasing trend. It indicated that resource and environmental protection capacity were relatively fragile in those regions, but the infrastructure and the economy were in a good status. As shown in (Figure 9 ), the comprehensive environmental carrying capacity was fluctuating and showed an increasing trend which indicated a medium level. To verify the above assessment results, we selected three main factors from actual monitoring data and illustrated their changes in (Figure 10 
Discussion
Previous studies [19] , [23] indicated that comprehensive index evaluation model reported high ecological environment sensitivity and low resource carrying capacity. This study showed that the distribution of ECC in Shaanxi was affected by many factors. The environmental quality of ECC was affected by the degree of environmental protection and pollution control, and the level of economic, industrial and technological development. Terrain affects the size of resources supply. Climate change and water shortage lead to poor environmental quality and low ECC. Shaanxi's socio-economic level is determined primarily by the development of secondary and tertiary industries, and the population density also affects the magnitude of the regional socio-economic carrying capacity. On the whole, the change of environmental carrying capacity is affected by fragility of the natural environment and the destabilization of economic development. The results in this study showed that the spatial distribution of environmental carrying capacity was continuous and gradual. The results also showed that the method of PCA is a simple, easy-to-use method to evaluate the environmental carrying capacity without the interference from human factors in the index information, rendering the quantification of assessment indices objective. The PCA method can be used to extract large amount of information from regional multi-factor environment data set and evaluate environmental carrying capacities on a large regional scale.
Conclusion
This study demonstrates that PCA is simple, easy to use, and advantageous when applied to multi-index valuation of ECC on a large regional scale. The assessment results show that ECC was at the medium level in Shaanxi Province. The spatial distribution of ECC was different in different regions. ECC was highest in Guanzhong plain, followed by Loess Plateau and lowest in Qinba mountain. The infrastructure carrying capacity was highest followed by the socio-economic carrying capacity, while resources supply and environmental quality carrying capacity was relatively low. The spatial distribution of ECC was closely related to vulnerability of natural geography, resource distribution, environmental protection, and development of energy economy. Therefore, the improvement of environmental quality and resource utilization efficiency in a region would increase the environmental carrying capacity.
